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Basic Characteristics of a Self-Compensated Hydrostatic Journal Bearing

Chun Hong Park”, Young Joon Lee’, Seong Wook Hong™* and Husang Lee™™

ABSTRACT

A self-compensated water-hydrostatic bearing is well known to have advantages in stiffness. In this paper, its
concept is extended to a hydrostatic journal bearing for achieving higher stiffness. The finite element method is applied
to analyze the load characteristics of the self-compensated hydrostatic journal bearing. The analysis results reveal that
the self-compensated journal bearing has higher load capacity and higher stiffness than conventional, fixed capillary
journal bearings, and that this benefit degrades in the case of high eccentricity. Thus, a spindle system with self-
compensated journal bearings must be designed to ensure a sufficiently large load capacity. A rectangular type capillary
is also introduced with consideration of the practical application of the self-compensated hydrostatic journal bearing.
Theoretical analysis results show that the rectangular type capillary is more beneficial than conventional annular type
capillaries in practical use. The experimental verification on the analysis method is made to show that the experimental
results are in good agreement with theoretical results.
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Fig. 1 Principle of self compensated hydrostatic bearing
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Fig. 2 Model of self-compensated journal bearing
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Fig. 4 Pad shapes of self-compensated journal bearing

163

=1

£ Uehdin, fig 5 & AAAE ZA#Y 34 %
Z AT A FYE dEpd Aol Y,

fig. 6 & Hol¥y M= T =099 Z9l
ol ArZry BEAFAM Y RAH# EHH] g
(=aga=byb) 2 EAFZ ZoH] of=bj/a)d TE
EALGHN 2 WY BP S AL AHE e
W Aol

Wy fFwgoro] o] o & WA UF
a2 ZALTE fig. 6 LEHE A FA
ZAS 2HNE el o I F
3

A BHANE dBYRTE HA2Y
7 festez ARge oWE A ek
of A%, BABY WEAT £ = a % b
= Aol UE §3ASY 2o

Fig. 5 Dimensional parameters of rectangular type

capillary
1.5 500

Rectangular type

D=80mm, L=80mm, 5=0.9 J
g\{ P 100N/em2, h=25pm | K 400 e
AN 1.0} — 02 —— -4 =
B @06 —-— =08 300 &
@ ——— =10 e
) »
— 200 [72]
2 0.5} 2
a =
S 7 4100 b

.

0.8'

0.4 0.6 0.8 1.
Canillarv pocket ratio 8.

0

Fig. 6 Pressure ratio and bearing stiffness versus
capillary pocket ratio (rectangular)



HAZ oG E FHE o|FTA  FEHLFENHA A2 A5z
# F2F 2E A7 Aolguolue W 8= AfdE FHAM A8 Ratd o
o2 1 542 #Ns 2 Wyl WA BEF FRF AP 2
58 AAE "dav} glvh
42 N¥YHLRA000] HOYEM vl 9, fig. o BAE wet 7HFo] FopA]
E HoMe 1ZRFAAE Ze AR & TR 5] A vhH T 4Ew
AU 4 vuE B3 AAr|RAAE oy E AN ZAR, AEAY ZA#EY 5% 7
£4¢ Snd sl vm Wy THRY  Zel s EAGH Ikl ¥HEHS B
22 dejRe, Mely MEAFF AZRAES  BANLE & F Aok oPE AL TS
293 AL@ARAYLA A) 2 shERAeAs B Ego] U Hojdge] Loz IAY AL
AA e FNAAE H=ZE ALt AHRAE SUHEANY dFez TALGH FIFYEET A
Hax Be T AAZ ARSGen, FAHA A AAY $ge] wARE FAYA FRANE 2
4 E 19 A3} Ao v dHE A Hy, w2y 153 E
AA, fig. 7@ F3&FE vl AFHZ2 A7) M gl o4 dAE] ¥ =T, B
g A 1ARZeL: A £ B8 IHRY O 52 /EACRERYE, SHE 5H)E #AE
84 B MOE 89 2 2832 vz 3 =ert o
otk =3 fig. 7(b)d Al M= e FIS fig. 8 & AHHFS Hlwd AA=Z, Hog
Holx glo] z7jn/dde] RaEAd & el A AuiHe #FE zsd, 22 A=AFE
Ae AL A F Aok Ze 2ARBRAAE A 9 FY3IAY WA gl A
gy, 349 ASds BAEe) Aol g2 Pl we FuHoz Fad: H4E ok
AP Aol7t §H3 PaHT A RHol Y AEARYEY AL oF I=RE T &
3 gtk olRe B ARl gt 7Fo] A 554 fo) gloemz  Au§Be FUgo
Ae Fo ¥AGFHe] A Hadld "ol F 2 FrisHA HY, EAS ALY AR T &
A3 Zad7] WEolvh. wekA ArIRAEE A 8FA 2 FHEAS] wi{FI wet 2etAY 1
HABFA e 152 ¥ o7t HEE HASE A
4}P,=100 N/cm?, D=80mm, h=25um (a) . . .
g —— Self comp(L=80mm) Table 1 Specifications of the analyzed bearings
S L R oy a1 g _ .
3 e e I
- ) e b Diameter D 80 mm 80 mm 80 mm
§408 —— Self comp.(-80mm) ) Length L 80 mm 80 mm 115 mm
5,300 e poie g&j‘:g":;) Pocketratio S 0.7 0.7 0.7
P R —— Clearance hi 25 um 25 um 25 pm
fé ol T Pressure.ratio P 0.5 0.5 0.5
72 . . . .
< 100 ———Sglf comp.(L=80mm) (©)
§ Fixed comp. A(L=30mm) 2 08} p 100 Niem?, D=80mm, h=25um
z 80}~ - - - Fixed comp. B(L=115mm — g s K ) 1= 20)
< 60 T = 06
o AOp  Tom—mmmme—— 04
2 20 ® —— Self comp.(L=80mm)
K N R . . X T 0.2}----Fixed comp. A(L=80mm)
£ 8o 0.1 0.2 0.3 0.4 0.5 8 —— Fixed comp. B(L=115mm)
('S

Eccentricity &ah/hy

Fig. 7 Load characteristics according to the type of
compensator

164

0- Fl i
8.0 O 1 0 2 0 3 0.4 0.5

Eccentricity &=ah/hy

Fig. 8 Flow-rate according to the type of compensator



HAE odE E4% olF

3L TEIA] A 202F A5%

o] gurolc}

A71RAE Mojgulag e e, A9 4=
B3l zHgo o), ¢e dFo] A YEgE 7}
A e W wmEt ZAH 5ol 2d5d £ 3
on, o]o] we} HaFEA o] WA "t fig 2 9
o), ZAF7|EMT st o] o]FE #g 3T
zt g2 Holsta, stz Wit wE FI5A
& AMEHY fig. 9ol YEMAT ¢ =0°= XA A}
ole] wifT FTUHAA, 45° & TH FHAA A 3}
Fo] 7HEA S owlgtt fig o2 5E FF5Hdo
ERFGT 2HEFEF QLS S bE A
A, Ferg3e dart AAY, 53 Y AS
3 7gke] @ASA YErGR itk weEbA, A
AAA A E d5E e AV F Tt wlH
T Fgo] HEE & davt glo

—_—

400 4
E 300 _ - {3
E | VI =T g
M 200t - - - g22.50 S SN LA PN
B s TNy g
@ 7 - <
c 100 ~ 1 ©
SE 14 )
ﬁ 0 A i L A A 0

0.0 0.1 0.2 0.3 0.4 0.5

Eccentricity e=Ah/hy

Fig. 9 Load characteristics with changing the load angle
in the self-compensated journal bearing
Load
' Journal bearing
for test

“ Oil supply

Taper roller bearing

Shaft Thrust bearing " Thrust bearing

Fig. 10 Test rig for load characteristics

5. MY HF

5.1 AT 3 AEHYHY

o2& B3 E AFdIIAE fig. 10
Zol HYFAAE Alztsta FIEAS AP A
A4 Aojduolg e HolHgEHojgor A
A e FAF 2HHIL, 4F UL #
A 2 AEW oY & AAHY, Aaugk
o2& 7HElAE &l wak ¥eE #E 5 3
2 AFAEE 5o glul.

B35 APE 93 Aolduoid K[ud
W2 o] AAFRE Alo]d] go|ojE X E o] 83}
sFEAE AR, IFEE 7S W Aoy
Hloj" e Ashid BHE AA &3 M (ADE,
Micro sense 3401) & o] &3} ZA315}. o] o,
Aojgduof Yol 7aia AR5l g3 EHoHE
ejuo] e o3 A= e HAAF= s

M P=T0N/em? (Exp.. K=189N/ym)
[——— P,=70N/cm? (Theo., K~209N/um)
®  P=100N/em? (Exp.. K~307N/um) n
[~ — - P=100N/cm? (Theo., K=308N/um)
@ P=150N/end (Exp., K=435Nfum)
o P:=150N/cm? (Theo., K=447N/um)

g
=)

—
wn

it
n

Displacement (um)
(=]

g
(=3

0 S0 100 150 200 250 300
Load (N)

Fig. 11 Load characteristics with changing the supply

pressure
P=70 N/em?
5.0 & Upper pocket(exp) ® tower pocket(exp)
—— Upper pocket{theo) -~ -Lower pocket(theo) u
g | |
% 4.5
R =
& 49 T -9 __
Q: o -@-
o 35 -
2 10.0} P+ 150 Niem?
» ® Upper pocket(exp) m  Lower pocket(exp)
Q — Upper pocket{theo) — — - Lower pocket(theo)
Q
g% ® ®
x iR - N
8 90 TR
o] - pat
o n

oo
tn

50 100 150 200 250 300
Load (N)

Fig. 12 Pocket pressure with changing the supply
pressure



.:g:/\

oL
Ho

FiN

EZE

S AYFEIA A28 As5E

gog ulAEr FAEE o] HAE AHojd
Hojgo ZAHE AAEAA ZA3 AARY
He2REY wFAUL =3, Hojgwjdra e dF
7} g=0°, &, dFol TAALO] wWiHTF Tl FHE
F=e HAser oty ETAYH WIe
2}, shrek ztzh 1 Y 2 R EHe] 2EHIA
o]z AHAM(FAEH 10 Nem?/V, Kyowa)E 4
st &4t

52 AEHE I D&

fig. 11 & IS 70, 100, 150 N/em’ 02
JARE o] Falo wE Aojdulojgde WY
g EA% é#iﬁ o] 234 <o ZAxpel
gL JY&E& £ F Utk

fig. 12= 3%E 70, 150 N/em? ol A o} A &
B3 Zbzh 1 Y T Wi G E FA%
A3Z A HMATeE F A ok

T8, TFYE 150 Nem? ol 315 50 N9 2

E

A% 2ol, AGHoIEl ol vlAHRT HE
Hoz wHYHE ok AL Hojdmool

fig. 4 8 o] FWFo2 WYY FAolng FW
goll i RAEFA0] ol FdelMe stF
L I D s = S B B 1
371 WEolth of B¢, W9 AL g H
Tae AHgPoy A4 EAYYL JFsiHER
Al gkol ZHgatTol wisl v FrhsHA dh

o]} ARERE, B =AM AAE 72
AYPE o] FHAYPL AEFY FAY Ao
dufojg el F354 syl W FEFE HT
& AN

6. 2&

FHRAYE o] &3ly Ar|RdY AHojdu|of
o] R EAL HNstn gL AVE e 71%
o TABAeA Aoduloys 4L Hm
Az, B4 9 FAol Ho 2 v AAE XW
o] AdE AL 5—}%\3}“5} agu, dlolgl Ao
A% WAgol AW mARFL9e 3ozt
#2438 7ta8v, 53 ?5}-6-"] EAFYR &
st B BaZol ¢ AN FHo g
e Fato] o 2 WAl wAEA 0}5% %
23 milgPos AAY Hest eS¢ F
AR A, A7 EAE wojYPe AEHA A

166

sapyozn AARY BABE ANSHoH,
4y AR RE, 712 A0y RAB v
A A3EReIY A3 FAA 2889e @
etk £, AAAY WHLLE FE AofY
Wolgel te ¥3 L JASH J@PAE ol
Ak F QAR Yol FBLEYE 1 EF AN

Yol ALY Aol dulolP el HaEA oo

e FEES #AT F ATk
HFoEs

1. Tully, N,
Infinite Stiffness Hydrostatic Thrust Bearing,” Trans.
ASME, Jr. of Lub. Tech., January, pp. 106-112, 1977.
Singh, N., Sharma, S. C,, Jain, S. C. and Reddy, S. S.,
“Performance of membrane compensated multirecess

“Static and Dynamic Performance of an

hydrostatic/hybrid flexible journal bearing system
considering various recess shapes,”
International, Vol. 37, pp. 11-24, 2004.
3. Morsi, S. A, “Passively and Actively Controlled
Externally Pressurized Oil Film Bearings,” Trans.
ASME, Jr. of Lub. Tech., January, pp. 56-63, 1972.
Umino, K., “Performance of Toyoda STAT Bearing,”
Toyoda Technical Reports, Vol. 11, No. 4, pp. 1-8,
1970.
5. Slocum, A. H., Scagnetti, P. A., Kane, N. R. and
Brunner, C., “Design of self-compensated water-

Tribology

hydrostatic bearings,” Precision Engineering, Vol. 17,

pp. 173-185, 1995.

Reddi, M. M., “Finite-Element Solution of the

Incompressible Lubrication Problem," Trans. ASME,

Jr. of Lub. Tech., July, pp. 524-, 1969.

Sukida, K., “Application of Finite Element Method

to Machine Tools,” Toyoda Technical Reports, Vol.

13, No. 3, pp. 10-19, 1972,

8. Park, C. H., Chung, J. H,, Lee, H. and Kim, S. T,
“Finite Element Analysis on the Motion Accuracy of
Hydrostatic Table(1st. Analysis and Experimental
Verification on Single-side Table), ” J. of KSPE, Vol.
17, No. 12, pp.137-144, 2000.



